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(71) We, Avco Everett Research 
Laboratory, Inc., a Corporation organised 
and existing under the laws of the State of 
Delaware, United States of America, of 2385 

5 Revere Beach Parkway, Everett, State of 
Massachusetts, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 

10 formed, to be particularly described in and 
by the following statement: — 

The present invention relates to laser sys- 
tems that include means for producing an 
output laser beam having a predetermined 

15 intensity profile across the laser beam. It is 
especially well-suited for the heat treating 
of target surfaces and particularly for the 
case hardening of metal target surfaces. 
Metals are heat treated in different ways 

20 for different purposes. For example, a spring 
is made stronger by heating the spring above 
its critical temperature and then cooling it 
A journal or a shaft may be hardened, so 
that it will wear better, by a number of 

25 techniques. One technique is to heat the 
shaft m an atmosphere of selected gas or 
liquid so that materials dissolve from the gas 
or liquid in the surface metal of the shaft 
producing a hard surface. The depth of this 

30 hardening depends upon the temperature 
and time of exposure to the atmosphere. 
This is a conventional process and is called 
"case hardening". Three commonly used 
types of case hardening are carburizing. 

35 nitriding, and cyaniding. For example, a steel 
shaft is case hardened by heating the shaft 
in an atmosphere of OO, to a temperature 
in the range of 1700°F. and at this tempera- 
ture exposing the shaft to the CO, gas for 

40 a period of an hour or two and then quench- 
ing the shaft Minute amounts of carbon are 
liberated on the surface of the hot metal 
and dissolve in the metal. Upon quenching, 
the carbon becomes part of the crystalline 

45 structure of the metal at the surface. 

Case hardening can also be accomplished 
by induction heating. An induction coil en- 
closing the metal piece ao be case hardened 



induces an electromagnetic field and the 
currents in the metal that flow just along 
the surface and so the surface of the metal 
piece is preferentially heated. If the surface 
is thusly heated above the critical tempera- 
ture and then the piece is quenched, the 
surface only of the metal piece becomes 
hardened. Clearly, the conventional tech- 
niques for case hardening, whether heating 
a metal piece in a selected gaseous atmo- 
sphere as in the carburizing case harding 
process, or by selectively heating only the 
surface of the piece by induction are quite 
limited as to the shape and size of the 
pieces that can be case hardened. For ex- 
ample, it would be most difficult to harden 
only selected portions of the surface of a 
shaft using either the carburizing technique 
or the induction heating technique. Thus, 
by these conventional techniques, odd geo- 
metries or selected portions of a piece can- 
not be preferentially hardened. Further- 
more, the ability to control the depth of the 
case hardening whether using the carburiz- 
ing technique or the induction heating tech- 
nique is quite limits 

Recently, it has been proposed to selec- 
tively heat the surface of a metal piece by 
directing a high power laser beam to the 
surface over areas of the surface which are 
treated with a material selected to absorb 
the energy of the beam. The advantages of 
this technique are that selected areas of the 
surface of the metal piece can be coated 
with the material so that when the beam 
sweeps the surface of the metal piece only 
those areas covered with the material will 
be heated. The scanning laser beam selec- 
tively heats the surface of the metal piece to 
a temperature above the critical tempera- 
ture without raising the bulk temperature of 
the piece to cause any serious distortion or 
other adverse effects of heating. The beam 
may be controlled to heat the surface of the 
metal piece above the critical temperature 
to a depth of only a few thousandths of an 
inch or less. Thereafter, the quenching of 
the surface occurs by conduction of heat out 
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of the surface into the base metal Since the 
surface layer heated by the laser beam is 
so shallow the conduction quench rate is 
very fast 

5 Typically, a high, power laser beam is a 
penal beam that is very small in diameter. 
The intensity distribution across the dia- 
meter of this beam, also called the intensity 
profile or intensity shape of the beam de- 

10 pends very much on the type of laser. A 
common profile or beam shape is a Gaus- 
sian shape and in some lasers the pencil 
beam is annular and so in that case, the in- 
tensity profile is U-shaped. Clearly, whether 

IS the beam shape is a Gaussian shape or U- 
shaped, any change in the characteristic 
dimension by, for example, focusing the 
beam, only changes the size of the cross- 
section of the beam, but does not necessarily 

20 change the beam intensity distribution. If 
the sweeping laser beam directed to the sur- 
face of a metal piece has a distinct Gaus- 
sian shape, it is quite clear mat the heating 
of the metal surface at the center of the 

25 beam will be much more intense than the 
heating along the edge of the beam. When 
such a beam sweeps repeatedly across the 
metal surface, as m a raster-type scan of 
the surface, and when the beam scans do 

30 not overlap, the surface is not heated uni- 
formly and so the depth of hardening will 
not be uniform throughout the area of the 
metal surface scanned by the laser beam. 
On the other hand, if the repeated scans of 

35 the laser beam on the surface of the metal 
overlap, the portion of a given scan which 
is overlapped <m the next scan of the beam 
will cool somewhat between the scans and 
so either will not be heated sufficiently to 

40 raise the temperature above the critical tem- 
perature or the reheating by the subsequent 
scan will aneal the metal at the surface 
where the repeated scans overlap and so 
negate the hardening effect at the overlap- 

45 ping areas. The result is that hardening of 
the scanned metal surface is not uniform in 
hardness nor in depth of hardening. 

One type of high power laser is a flow- 
ing gas. electron beam energized CO, laser. 

50 A laser of this type is described in United 
States Patent No. 3,702^73, published on 
November 14, 1972. Such lasers produce 
an annular pencil beam of power on the 
order of 10 kilowatts and so these lasers 

55 are suitable for heating a surface of a metal 
piece to case harden the surface. The beam 
from these lasers is annular in shape except 
at the focal point of the beam where the 
beam characteristics are that of a Fraun- 

60 hofer diffraction pattern with a central core 
containing anywhere from 10 to 80% of the 
power of the beam, the remainder of the 
beam power being located in concentric Airy 
rines around the central core. The intensity 

65 distribution at locations of the beam other 



than the focal point depends upon the beam 
divergence angle and the annular ratio. 
However, in general, the intensity distribu- 
tion or profile of this beam always contains 
rings around a central maximum as well as 70 
the possibility of a depression in the middle 
of the beam due to the near field annular 
characteristics of the beam. In all cases the 
intensity distribution or shape of the beam 
depends on the type of laser oscillator that 75 
is used and on the location along the beam 
relative to the focal point Most often, how- 
ever, the intensity profile is not ideal for 
uniformly heating the surface of a metal 
piece to case harden the surface. It is one 80 
of the aims of the present invention to pro- 
vide a technique for producing a laser beam 
of controlled intensity profile that is tailored 
to a desired shape in view of the use of the 
beam that is intended. 85 

According to the invention there is pro- 
vided a laser system comprising means for 
producing an output laser beam having a 
predetermined intensity profile across the 
laser beam, reflector means for receiving 90 
and reflecting said output laser beam, means 
for repeatedly spatially oscillating said re- 
flector means over a given reflector spatial 
path at a predetermined rate so that the out- 
put laser beam reflected by said reflector 95 
means is spatially oscillated over a laser 
beam path, and means having a blocking 
aperture for blocking at least a portion of 
said spatially oscillated laser beam whereby 
the average radiation intensity at points 100 
along the unblocked portion of said laser 
beam path of the spatially osculated laser 
beam exiting from said blocking aperture 
defines a controlled intensity profile which 
is different from said predetermined intensity 105 
profile. 

The means provided for spatially oscillat- 
ing the reflector means and thus the high 
power laser beam may also be referred to 
as means for dithering the beam. Hie spatial 110 
oscillation of the beam may be characteris- 
tically sinusoidal or sawtooth or a square 
wave or any other particular characteristic 
may be selected. The purpose of the spatial 
oscillation or dithering of the beam is to 115 
produce an average intensity of radiation at 
each point across the spatial configuration 
that is swept out by the dithering beam and 
so provide a controlled intensity profile of 
the dithering beam. Clearly, the intensity 120 
profile of the dithering beam depends upon 
the intensity profile or the shape of the ini- 
tial beam and the characteristic of dither. 

In a particular embodiment of the present 
invention which is described herein, the ini- 125 
rial laser beam has an approximate Gaus- 
sian distribution at its focal point and the 
spatial oscillation or dithering is sinusoidal. 
More particularly, the dithering is produced 
by a plain mirror oscillated back and form 130 
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on an axis parallel to the plane of the mir- 
ror and transverse to the plane of the dither 
or spatial oscillation. The cross-section di- 
mensions of the dithered beam produced by 

5 this structure is substantially greater than 
the initial beam and when projected on the 
target such as the surface of a piece of 
metal to be heat treated, the dithering beam 
covers an area at least 3 times as large as 

10 would be covered by the same beam were 
it not dithered. The rate of the dither is 
sufficiently high that the metal surface does 
not respond to the high speed motion of the 
beam, but responds ao the average intensity 

IS of the beam at each point of projection of 
the dithering beam on the metal surface. 
In the case where the initial laser beam has 
a Gaussian intensity profile and the dither- 
ing is sinusoidal, the average intensity at 

20 each point across the dithering beam pro- 
jected on the metal surface tends to be flat 
in the center region, but with sharp spikes 
at each of the opposite ends. These spikes 
or wings, can be removed by a blocking 

25 aperture between the dithering mirror and 
the metal surface. The sharp edged beam 
which exits from the blocking aperture can 
be imaged on the workpiece by a suitably 
arranged set of imaging optics. The result- 

30 ing intensity profile of the dithering beam 
on the menu surface is men like a square 
wave being flat on top and dropping sharply 
at the edges. This is an ideal intensity pro- 
file for sweeping a metal surface with ad- 

35 jacent contiguous sweeps to uniformly heat 
the surface over the area swept, line after 
line, by the dithering laser beam. A similar 
treatment of annular beam produces ana- 
logous results. 

40 For particular applications, it may be pre- 
ferred that the intensity profile across the 
dithered laser beam be other than a square 
wave. For example, it may be preferred that 
the intensity profile across the dithered 

45 beam be a sawtooth shape. In that case, the 
dither would not be sinusoidal, but have a 
wave shape selected to cause the laser beam 
to spend more time an one excursion of 
each cycle of dither than an the opposite 

50 excursion. The intensity profile of the di- 
thered laser beam could also be made sub- 
stantially annular in shape by using two 
dither mirrors orthogonally oriented and 
driven in proper phase quadrature so that 

55 the laser beam is dithered by driving it in 
a circle, or in other Lissajous patterns. 

In order that the invention may be more 
fully understood, it will now be described 
in conjunction with the accompanying draw- 

60 ings. in which: 

Figure 1 is a diagram of an optical sys- 
tem for dithering a laser beam, shaping the 
intensity profile of the dithered beam, and 
sweeping th^ftnpml hftamjja ck and for th 

65 across a moving workpiece; 



Figure 2 is a pictorial view of part of the 
system shown in Figure 1 to show the rela- 
tive directions of the dither, the dithered 
beam sweep and the movement of the work- 
piece; 70 

Figure 3 shows a typical intensity profile 
of a high power laser beam having a Gaus- 
sian distribution; 

Figure 4 shows the intensity profile across 
the dithered laser beam and a portion there- 75 
of which is blocked by an aperture between 
the dithering mirror and the workpiece and 
the sinusoidal spacial oscillation mat pro- 
duces this dithered beam intensity profile; 

Figure 5 shows a sawtooth shaped inten- 80 
sity profile produced by the same beam as in 
Figure 3, but dithered using a non-sinu- 
soidal dither characteristic; 

Figure 6 shows a typical intensity profile 
of an annular or hollow laser beam; 85 

Figure 7 shows a graph of hm-fWcg versus 
depth for a specimen or cast iron; 

Figure 8 shows a top hat shaped intensity 
profile of a dithered laser beam using a non- 
sinusoidal dither characteristic; 90 

Figure 9 shows a laser beam profile and 
X and Y or double dither directions; 

Figure 10 shows a diagram and pictorial 
view of a double dither system; and 

Figure 11 shows a gimbal structure for 95 
sweeping a single or double dithered beam 
across the workpiece in any desired pat- 
tern. 

The high power laser used in the first em- 
bodiment of the present invention provides 100 
a diverging annular laser beam diverging 
from a focal point located at an aerodyna- 
mic window which isolates the laser struc- 
ture from the external optics shown in 
Figure 1. The laser beam 1 within the laser 105 
enclosure is focused at point 2 in the aero- 
dynamic window 3. The focal point 2 is the 
primary focal point and is re-imaged by an 
external mirror 4 as a much larger focal 
point located at position 5 called the secon- 110 
dary focal point Between the ref ocusing mir- 
ror 4 and the secondary focal point is the 
dither mirror 6 which is mounted on a 
torsion bar or other spring or bearing mount 
7 and made to vibrate at a preselected fre- 115 

Siency which may be the natural vibration 
equency of the torsion bar or spring by 
electromechanical drive apparatus 8. The 
dither drive is such that the dither 

mir ror 

6 vibrates about an axis 9 substantially in 120 
the plane of the mirror and transverse to 
the incident laser beam focused by mirror 
4. Thus, the beam from the dither mirror 
spatially oscillates or dithers on an arc line 
which is transverse to the plane of the draw- 125 
ing in Figure 1. 

The dithering beam from mirror 6 passes 
through an aperture 10 at the second focal 
point 5, and then to a second focusing mir- 
ror 11 and from that to the sweep mirror 130 
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12 that relatively slowly osculates on its 
axis 13 as it is driven by mechanism 14 
and causes the beam to scan back and forth 
over an arc 15. The sweep rate of mirror 
5 12 is much slower than the dither frequency 
of mirror 6. The axis 13 of mirror 12 may 
be transverse or parallel to the plane of the 
drawing in Figure 1. 
The sweep rate of mirror 12 is synchro- 

10 nized the movement of the workpiece 16 to 
which the dithered beam is directed. This 
synchronism takes into account also the di- 
mensions of the dithered beam as projected 
on the workpiece. This is shown in Figure 

15 2 which is a pictorial view of focusing mir- 
ror 11. sweep mirror 12 and the workpiece 
16. The beam from the sweep mirror 12 is 
painted across a target area 17 on the work- 
piece. The workpiece is moved in the direc- 

20 tion of arrow 18 which is perpendicular to 
the direction of sweep of the dithered beam 
and is parallel to the dither direction repre- 
sented by arrow 19. By suitable adjustments 
of the magnitude of the dithered spot, repre- 

25 seated by the elongated spot 21. the sweep 
rate of the sweep mirror 12 and the velocity 
of the workpiece in the direction 18, com- 
plete coverage of the scanned area 17 of the 
workpiece is accomplished. This coverage is 

30 shown in Figure 2 by the solid line traces 
22 to 25 which are side by side scans of the 
dithered laser spot 21. Each of these scans 
begins at the lower end such as the lower 
end 26 of scan 25 and proceeds upward and 

35 slightly to the right so that this scan ends 
at the position of the dithered spot 21. The 
dithered beam men very abruptly swings to 
the bottom position as at 26 and is ready for 
the next upward scan. The abruot retrace 

40 lines from each of the side-by-side scans 
to the next scan are represented by broken 
lines 27. Clearly; the scanning dithered spot 
21 from mirror 12 continually scans the 
same spatial arc represented by arc line 15 

45 ami this scan is from the dithered beam 
position 31 to 32 at a predetermined rate. 
In order to provide the side-by-side conti- 
guous scans 22 to 25 shown in Figure 2, the 
scanning time of the dithered beam from the 

50 bottom to the top of each scan, times the 
velocity of the workpiece in the direction 18 
should equal the width D of the dithered 
laser beam. Furthermore, the beam must re- 
trace from the top end of the scan to the 

55 bottom in readiness for the next upward 
scan in a period of time much shorter than 
the scan time, so that the workpiece 16 has 
not moved significantly. At the same time, 
the dithered laser beam must not retrace, 

60 move across or overlap a completed scan 
except at very high speed, much higher than 
the scan speed. Some techniques for accom- 
plishing mis are briefly as follows: CI) As 
shown in Figure 2, the dithered laser beam 

65 can be blanked or blocked during the re- 



trace. (2) Without blanking the beam, the 
retrace can be at very high speed compared 
with the trace, so the additional radiant 
energy delivered to each trace area by the 
retrace beam is insignificant This fast re- 70 
trace can be accomplished by an appropri- 
ately shaped cam 41. An example of such 
a cam shape is an Archimedes spiral, which 
provides a linear sweep, with a fast retrace, 
When a fast retrace is used, gears 48 and 49, 75 
shaft 47 and disc 38 are not necessary and 
may be omitted. (3) Hie slow scans followed 
by fast retrace may be synchronized with 
intermittent motion of the workpiece in the 
direction 18 so that the workpiece moves 80 
relatively slowly during a scan and moves 
rapidly during retrace with the result that 
the scans are side by side and contiguous 
as shown in Figure 2. (4) The sweep mirror 
12 and the drive 14 for the sweep mirror 85 
may be such that the spatial arc formed 
by the scanning dithered beam during re- 
trace" may not be the same as the arc swung 
by the beam during a scan. For example, 
the sweep mirror \% may tilt on its axis 13 90 
to produce a scan such as scan 25 from the 
bottom 26 to the top at 21 of the scan and 
then the mirror 12 would tilt about another 
axis or the axis 13 would shift and the mir- 
ror 12 quickly tilted about the new axis to 95 
produce the retrace 27. (5) The focusing 
mirror 11 could be tilted about an axis 35 
in a direction indicated by arrow 36, just 
during the retrace cycle so as to return the 
dithered beam at the end of retrace to the 100 
bottom of the scanned area contiguous and 
alongside the previously completed trace 
and m readiness for the next trace. At that 
point, the focus mirror 11 would be re- 
turned to its initial position during the next 105 
scan by sweep mirror 12. Clearly, this tech- 
nique requires a synchronism between the 
drive to focus rnirror 11 and the drive to 
the sweep rnirror 12. 

Tms is but one of the techniques that 110 
could be employed to insure that the area 
covered by each successive scan of the di- 
thered laser beam, such as scan 22 to 25, 
receives uniform intensity laser radiation 
throughout and so that the surface of the 115 
workpiece so scanned is heated uniformly to 
a uniform depth by the scanning dithered 
laser beam. Figure 2 shows mechanical struc- 
ture driven in synchronism with the drive 
mechanism 14 that drives the sweep mirror 120 
12, for blocking the dithered laser beam be- 
tween the aperture 10 and the focusing mir- 
ror 11 so that the beam is blocked during 
retrace or at least immediately following 
the high speed retrace for a period of time 125 
sufficient to allow the workpiece to shift 
until the beam is ready to oegin another 
trace. This mechanism, denoted generally 
37, includes a blanking disc 38 that is ro- 
tated in synchronism with the drive 14 for 130 
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the sweep minor 12. TfaejiriroJiJacJudes 
a d rive m otor 39 driving a cam 41 in con- 
taOl^SISe~^^PTmgorjflt rod 42. In 
operation, ^5TBe~caiu is Lurfieo" in the direc- 

5 ton of arrow 43. the tilt rod 42 moves back 
and forth tilting the mirror 12 against the 
action of the mirror spring 44. The position 
of this cam shown in Figure 2 is at the end 
of a scan with the tilt rod 42 at the step 

10 45 of the cam. When the cam rotates 
through this step, the mirror 12 very ab- 
ruptly swings the beam from the top of the 
scanned area 17 of the workpiece to the 
bottom over the retrace path 27. Scanning 

15 then stops while the workpiece moves suffi- 
ciently to place the dithered beam at the 
proper position for the next scan and dur- 
ing this pause the beam is preferably blanked 
so that it does not continue to play on one 

20 area of the workpiece before commencing 
the next scan. The beam is blanked during 
the period by the blanking disc 38 which 
rotates on a shaft 47 with gear 48. Gear 
48 is driven by bevel gear 49 on the shaft 

25 from cam 41. As the cam rotates in the 
direction of 43, the banking disc 38 rotates 
in the direction 51. The synchronism is such 
that at or immediately following the tilt of 
the sweep mirror 12 at retrace, the disc 38 

30 blanks the laser beam during the following 
£ cycle of rotation of the cam at which time 
the beam is then at the bottom of the 
scanned area of the workpiece and in posi- 
tion to commence the next sweep. 

35 The average intensity gradient across the 
dithered laser beam {across the dimension 
D of the dithered beam) is determined prin- 
cipally by the wave form of the dither cycle 
that drives the mirror 6. As has been des- 

40 cribed above, mis average intensity profile 
also depends upon the profile of the initial 
laser beam. As a rule, however, the average 
intensity profile across the dithered beam 
will exhibit peaks or wings at the ends and 

45 these are undesirable where the purpose of 
the dithered beam is to sweep a pattern 
on a workpiece as shown in Figure 2 and 
produce unifom heating to a uniform depth 
m the swept area of the workpiece. These 

50 wings or peaks shown as 55 in Figure 4 can 
be blocked by the aperture 10. This aper- 
ture can be made variable and so adjust- 
ments can be made in each case by varying 
this aperture to tailor the intensity profile 

55 of the dithered beam. 

The dithered beam intensity profile shown 
in Figure 4 is accomplished using an initial 
beam having an approximately Gaussian in- 
tensity profile dithered a distance about 5 

60 times the initial beam diameter and the di- 
ther wave form characteristic is sinusoidal 
If the natural spot size of the laser beam in 
the system shown in Figures 1 and % as the 
beam is projected on the workpiece with- 

65 out dither and without sweep, is on the 



order of 3/16 of an inch in diameter, then 
the dimension D of the dithered beam on 
the workpiece would be on the order of 
one inch. In this case, the total dimension 
of the dither with the aperture 10 removed 70 
would be greater than one inch, because 
the aperture removes the end intensity peaks 
ofthe dithered beam shown in Figure 4. 
Thus, where the spatial path is an arc of 
an angle, the length D of the arc at a target 75 
surface is at least twice the diameter d of 
the beam at the target surface. 

While a beam having a Gaussian intensity 
has been shown by way of example, it is to 
be understood that the invention is not 80 
limited to beams with such an intensity dis- 
tribution. Thus, an annular beam having an 
intensity profile shown in Figure 6 may be 
dithered to provide at least substantially if 
not exactly the same profile as mat shown 85 
and described in Figure 4. 

As an example of one use of the structure 
shown in Figures 1 and 2, consider a work- 
piece which is cast iron and the target is a 
smooth surface area of the cast iron coated 90 
with a material such as manganese phos- 
phate which is highly absorptive of 10.6 
micron radiation. If the initial laser beam 
is a continuous wave beam at 10.6 microns 
wavelength, from a laser system such as 95 
referred to hereinabove and the beam power 
is about lOkw, the dither frequency is 300 
cycles per second and the sweep speed or 
velocity across the workpiece surface is 
approximately 200 inches per minute, there 100 
results a substantial hardening of the sur- 
face. For example, if the hardness of the 
surface of the cast iron was about 30 an the 
Rockwell C scale before this treatment, after 
the treatment the surface hardness is found 105 
to be increased to 55 — 60 on the same Rock- 
well C scale and this is about as hard as this 
material can ever be made. A graph of hard- 
ness versus depth in such a cast iron sur- 
face is illustrated in Figure 7. As can be HO 
seen, the hardness extends into the surface 
of a dimension of approximately 0.015 
inches. This treatment requires no quench- 
ing because only a very small bulk of the 
cast iron is heated above the cast iron cri- 115 
tical temperature and since this heated bulk 
has a very large surface to volume ratio, it 
cools very rapidly after the beam passes and 
so a surface hardness is achieved which is 
as high as achieved heretofore using con- 120 
ventional techniques for heating followed by 
quenching. 

The intensity profile of the dithered beam 
can be tailored to have just about any shape. 
The controlled intensity profile shape shown 125 
in Figure 4 is useful for heat treating a metal 
surface to harden the surface uniformly just 
as described herein. The dithered intensity 
profile could be tailored to have the shape 
shown in Figure 5. This yields an appxoxi- 130 
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mately sawtooth or ramp shaped profile 
when the wings at the ends are blocked by 
an aperture. For example, instead of driving 
the dither mirror in a sinusoidal fashion, 
5 which tends to have a low point in the 
middle and peaks at the edges* the approxi- 
mately sawtooth profile shown in Figure 5 
can be generated with appropriate mirror 
bearing mounts and signal f orming networks 

10 for energizing an electromechanical actuator 
replacing the torsion bar 7 and mechanical 
drive 8 for the torsion bar. For example, the 
dither mirror 6 could be mounted on a ro- 
tating bearing, and driven directly by an 

15 electromechanical actuator which is ener- 
gized by electrical pulses from the network, 
these pulses being preformed as necessary to 
pield the desired dither cycle. As a further 
example, the top-hat shaped dither beam 

20 intensity profile shown in Figure 8 could be 
achieved using a specially shaped energizing 
pulse with impulses at each end. This would 
cause the electromechanical actuator to 
drive the dither mirror 6 so that the mirror 

25 would change directions from clockwise to 
counterclockwise very rapidly and then 
maintain constant velocity through further 
rotation of the mirror in completing the 
dither cycle. 

30 The techniques described above provide a 
dithered laser beam where the dither is in 
one direction that is transverse to the beam, 
and the dithered beam is caused to sweep 
a workpiece transverse to the dither direc- 

35 u'on. The beam can also be dithered in two 
orthogonal directions as shown in Figure 9 
using two orthogonally oscillated dither mir- 
rors as shown in Figure 10 and so provide 
at the surface of a workpiece a large beam 

40 area of substantially flat intensity profile 
across the beam area in any direction. 

The system in Figure 10 includes a por- 
tion of the system shown in Figure 1. It in- 
cludes the aerodynamic window 3. focus- 

45 ing mirror 4 and dither mirror 6 mounted 
on torsion bar 7 driven by actuator 60 so 
that this mirror vibrates about axis 9. This 
is the X dither system denoted generally by 
61 and produces at 62, a beam dithered in 

50 the X direction. A similar dither system, 
the Y system, denoted generally 63, dithers 
the beam in the Y direction so that the 
double dithered beam 64 projected on work- 
piece 65 produces a large spot 66 which is 

55 substantially larger in both the X and Y 
directions than the undithered beam spot 
size projected on the workpiece, denoted 67. 

The Y dither system 63 includes dither 
mirror 71 mounted on torsion bar 72 driven 

60 by the Y actuator 73 so that mis mirror 
vibrates about axis 74. The axes 9 and 74 
are here called the X and Y axes, respec- 
tively. In this system as shown, the X and 
Y actuators 60 and 73, respectively are not 

65 synchronized and are energized by different 



pulse shaping networks 75 and 76, respec- 
tively. 

The relatively large substantially rectan- 
gular or square shaped spot 66 is produced 
when the X and Y oscillators 77 and 78 are 70 
at different frequencies and so are not syn- 
chronized. If these oscillators are replaced 
by a single oscillator 79 which feeds both 
the X and Y pulse networks, the shape of 
the dithered spot projected on the workpiece 75 
will depend upon the phase of oscillation 
of each of the dither mirrors 6 and 71 as 
well as the amplitude of dither. 

For example, where a single oscillator is 
used (the A and Y frequencies are equal) 80 
and the dither mirrors are oscillated in 
phase quadrature and equal amplitudes, the 
projected spot will be a ring, in the same 
case where amplitudes are not equal, the 
spot will be an ellipse. Where one frequency 85 
is twice the other, the spot can be in the 
shape of a figure eight Clearly, by varying 
the X and Y dither frequencies, amplitude 
and phase, all the well-known Lissajous 
figure shapes can be produced and pro- 90 
jected on the workpiece. The double dither 
(dither in two orthogonal directions) could 
also be achieved using a single dither mir- 
ror mounted on a double gunbal with the 
X drive apparatus driving one ghnbal axis 95 
and the Y drive apparatus driving the other 
gimbal axis. This structure is shown in 
Figure 11. The double gimbal 80 includes 
an outer gimbal 81 and an inner gimbal 82 
pivoting on axle 83 supported within gim- 100 
bal 81. The dither mirror 84 pivots on Y 
axle 85 supported within gimbal 82. The X 
drive 86 drives the inner gunbal with respect 
to the outer in oscillation and the Y drive 
87 drives the mirror in oscillation with res- 105 
pect to the inner gimbaL 

The two systems of dithering shown in 
Figures 10 and 11 could be used in combi- 
nation. In one embodiment, the system of 
Figure 10 would produce a doubly dithered 110 
beam which would be swept over the work- 
piece in any desired pattern by the system 
shown in Figure 11. In another embodiment, 
the system shown in Figure 11 would pro- 
duce the doubly dithered beam while the 115 
system of Figure 10 would sweep the de- 
sired pattern over the workpiece. 

The various embodiments of the present 
invention described herein all make use of 
the same technique which is to dither a 120 
laser beam and so broaden the laser spot 
producing a controlled intensity profile 
across the broadened spot This technique 
as incorporated in the structure described 
herein is useful to heat treat a metal sur- 125 
face to harden the surface. Other techniques 
to dither the laser beam in one or two direc- 
tions and to sweep the dithering beam across 
a target ox to project a stationary dithered 
beam on a target could be employed with- 130 
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out deviating from the scope of the inven- 
tion as defined by the appended claims. 

WHAT WE CLAIM IS:— 

5 

1. A laser system comprising means for 
producing an output laser beam having a 
predetermined intensity profile across the 
laser beam* reflector means for receiving and 

10 reflecting said output laser beam, means for 
repeatedly spatiauy oscillating said reflector 
means over a given reflector spatial path at 
a predetermined rate so that the output laser 
beam reflected by said reflector means is 

15 spatially oscillated over a laser beam path, 
and means having a blocking aperture for 
blocking at least a portion of said spatially 
oscillated laser beam whereby the average 
radiation intensity at points along the un- 

20 blocked portion of said laser beam path of 
the spatially oscillated laser beam exiting 
from said blocking aperture demies a con- 
trolled intensity profile which is different 
from said predetermined intensity profile. 

25 % A laser system according to claim 1, 
wherein the laser beam path is an arc of 
given angle. 

3. A laser system according to claim" 2, 
wherein the spatial oscillation of the laser 

30 beam is from one end to the other of said 
arc and from the said other to the one end 
thereof. 

4. A laser system according to claim 3, 
wherein the spatially oscillated beam is im- 

35 pinged upon a target surface for the purpose 
of uniformly irradiating said surface. 

5. A laser system according to claim 4, 
wherein the length D of said arc at the tar- 
get surface is at least twice the diameter d 

40 of the beam at the target surface. 

6. A laser system according to claim 1. 
wherein the spatially oscillated beam is im- 
pinged upon a target surface for the purpose 
of uniformly irradiating said surface, said 

45 means for blocking being along the path of 
said spatially oscillated beam between the 
means for spatially oscillating and the tar- 
get surface. 

7. A laser system according to claim 1, 



comprising means for spatially sweeping 50 
said spatially oscillated laser beam. 

8. A laser system according to claim 7, 
wherein the directions of spatial oscillation 
of the laser beam and spatial sweep thereof 

are orthogonal to each other. 55 

9. A laser system according to claim 8, 
wherein the amplitude of said spatial sweep 
is substantially greater than the amplitude 
of said spatial osculation. 

10. A laser system according to claim 60 
1, wherein the means for spatially oscillat- 
ing includes means for spatially oscillat- 
ing the reflector means in each of two sub- 
stantially orthogonal directions. 

11. A laser system according to claim 65 
10, wherein the spatial oscillations of the 
reflector means in the two directions are at 
different frequencies, so mat the controlled 
intensity profile across the spatially oscil- 
lated beam is produced in both said direc- 70 
tions. 

12. A laser system according to claim 
10. wherein the spatial oscillations of the 
reflector means in the two directions are at 
the same frequencies and in phase quadra- 75 
ture, so that the spatially oscillated beam 

is annular in cross-section. 

13. A laser system according to claim 
10, wherein the reflector means includes a 
mirror mounted to the inner gimbal of a 80 
double gimbal said means for spatially oscil- 
lating comprising drive means at the gimbal 
axes for spatially oscillating the mirror in 
each of the two orthogonal directions. 

14. A laser according to claim 1, where- 85 
in the spatially oscillated beam is impinged 
upon a metal surface for the purpose of case 
hardening said surface. 

15. A laser system, constructed and 
arranged substantially as hereinbefore des- 90 
cribed with reference to and as illustrated 

in the accompanying drawings. 

LANGNER PARRY, 
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